Introduction
Despite current advances in cancer screening, diagnosis, and therapeutics, pancreatic cancer remains a highly malignant disease with a dismal 5-year survival rate of <5% [1] . In 2012, approximately 44,000 people in the United States will be diagnosed with pancreatic cancer with more than 37,000 expected to die from this disease, making pancreatic cancer the fourth leading cause of cancer-related deaths in the country [2] . Pancreatic cancer is often diagnosed at an advanced stage owing to nonspecific symptoms and a lack of reliable biomarkers. Because of the high number of locally advanced and metastatic cases at the time of diagnosis, only 15-20% of patients can undergo potentially curative surgical resection [3] . In addition, response to chemotherapy and radiotherapy is often very poor, making management of the disease extremely challenging for clinicians.
The current standard therapy for metastatic pancreatic cancer is gemcitabine-based chemotherapy. Resistance to the drug is widespread and may be due to a number of factors including poor drug delivery and inherent chemoresistance of pancreatic tumor cells. FOLFIRINOX -combination chemotherapy with leucovorin, fluorouracil, irinotecan, and oxaliplatin -is an emerging treatment that offers a better survival outcome compared to gemcitabine, albeit with increased toxicity. In a study of 342 patients, FOLFIRINOX treatment resulted in a median 11.1-month overall survival compared to 6.8 months for gemcitabine treatment [4] . It is clear that novel chemotherapeutic approaches are necessary to improve the clinical outcomes of patients with this devastating disease. For these strategies to be viable for clinical use, the development of efficacious, targeted delivery modalities will be crucial [5] . This article summarizes recent literature (1995 to 2012) and clinical trials highlighting the current progress on new therapeutic agents and drug delivery methods, and the potential targets for the treatment of pancreatic cancer.
Potential alternatives to gemcitabine
A number of therapeutic agents and drugs may serve as alternative molecular approaches to conventional chemotherapies (Table 1) . Among these agents are small-molecule inhibitors, oncolytic viruses, monoclonal antibodies, suicide genes, and small interfering RNA (siRNA) that target abnormal gene expression, cell-surface receptors, and cell-signaling pathways. Studies of these alternative agents may generate improved therapeutic strategies and facilitate progress towards improving the clinical outcome of pancreatic cancer patients.
Through gene therapy, cancer cell growth can be inhibited by replacing or silencing key genes in pancreatic cancer cell growth pathways involving p53, retinoblastoma protein (Rb), p21, p16, KRAS, and bcl-2. Modulation of KRAS expression has been shown to inhibit growth of pancreatic cancer cells in vitro and growth of intraperitoneal tumors in xenograft nude mice in vivo [8] . Research has also demonstrated that re-expression of the tumor suppressor gene p53 in a subcutaneous nude mouse model inhibits pancreatic tumor growth [11] . siRNA and short hairpin RNA (shRNA) can be utilized to post-transcriptionally silence gene expression in a sequencespecific manner. These molecules are being investigated in cancer biology and other fields as powerful tools for regulating expression of genes essential for cellular processes such as survival, proliferation, and drug resistance. For example, sphingosine kinase-1-targeted siRNA increased gemcitabine sensitivity in pancreatic cancer cells [6] . shRNA silencing of zinc transporter ZIP4 has been shown to inhibit tumor growth and extend the survival of nude mice with pancreatic cancer xenografts [9] . In addition to re-expressing tumor suppressor genes, gene therapy strategies can also deliver suicide genes to tumor cells, which encode for drug-activating enzymes. Pancreatic cancer cells transfected with cytosine deaminase, which converts 5-fluorocytosine (5-FC) to its active form fluorouracil (5-FU), showed decreased tumor growth when subsequently treated with 5-FU [12] . However, despite strong potential, the success of gene therapy agents, especially in clinical studies, has been limited, perhaps because of the complex nature of pancreatic tumors. Simultaneous targeting of multiple gene mutations may be necessary to overcome the effects of extensive crosstalk.
The epidermal growth factor receptor (EGFR) inhibitor erlotinib is FDA approved in combination with gemcitabine to treat metastatic pancreatic cancer based on clinical trial results that showed significantly increased overall survival and progression-free survival compared to gemcitabine monotherapy in this patient population [10, 13] . EGFR, involved in cancer growth and metastasis, promotes epithelial-to-mesenchymal transition for decreased cell adhesion and increased cell migration. Overexpression of EGFR has been shown to be common in pancreatic cancer and may indicate the potential aggressiveness of the cancer [14] . Also, several studies have utilized carbon nanotubes for imaging as a significantly better contrast agent [15] .
Other investigational therapeutic agents include monoclonal antibodies against targets such as EGFR, vascular endothelial growth factor receptor (VEGFR), mucin 1 (MUC1), and mesothelin. Antibody therapies have the potential to inhibit tumor growth and angiogenesis and provide a method of treating otherwise resistant cancers. Oncolytic viral therapies, often using adenovirus and herpes simplex virus, are engineered to replicate selectively in tumor cells, targeting the cells for lysis, cell-to-cell fusion, or immune response.
Delivery vehicles for pancreatic cancer therapies
Commonly used delivery vehicles for cancer therapies include liposomes and nanoparticles. However, there are few clinical trials using these newer delivery methods in pancreatic cancer. Most current pancreatic cancer chemotherapies work systemically and thus are subject to a number of physiologic and chemical limitations that decrease efficacy. Unfavorable pharmacokinetics and poor targeting of cancer cells among other issues significantly affect the ability of these drugs to provide greater clinical benefit, and toxicity and side-effects limit acceptable dosages. The newer delivery vehicles not only target specific organs but also offer increased drug solubility, protection against degradation and elimination, decreased toxicity, and reduced resistance [5] .
Liposomes are vesicles composed of single or multiple phospholipid bilayers that can be loaded with a variety of content including genetic materials and chemotherapeutic drugs. Liposomes can improve drug solubility and stability, are biodegradable, and exhibit low toxicity. They have already proven to be viable clinically, with several FDA-approved liposome formulations in existence for cancer treatment. Liposomes have been used for in vitro gene transfection to protect antisense oligonucleotides, siRNA, and shRNA from degradation and improve transfection efficiency and targeting. For example, liposomal delivery of both pancreatic and duodenal homeobox 1 (PDX-1) and ZIP4-targeted shRNA was shown to inhibit tumor growth in immunodeficient mice [16, unpublished data] . The addition of surface ligands can help target liposomes to cells of interest, thereby helping to reduce the toxicity of therapeutic agents and enrich concentrations in target tissues. Liposomes can also be pegylated to increase stability and prolong the circulation time of a drug. In a study by Cosco and colleagues, pegylated liposomes loaded with gemcitabine increased survival and reduced tumor growth and toxicity in severely compromised immunodeficient (SCID) xenograft mouse models of pancreatic cancer compared to controls treated with standard gemcitabine [17] . Improved liposomal delivery efficiency may further allow
Therapeutic agents Targets and representative drugs
Small-molecule inhibitors Erlotinib, sonic hedgehog (SHH) inhibitors, etc [6, 7] Oncolytic viruses Adenovirus and herpes simplex virus [5] Gene therapy p53, Rb, p21, p16, KRAS, and bcl-2 [8] Antibodies EGFR, VEGFR, MUC1, and mesothelin [5] RNA interference ZIP4, PDX-1, etc [9, 10] Abbreviations MUC1, mucin 1 doi: 10.7573/dic.212244.t001 Table 1 . Potential pancreatic cancer therapeutic agents.
CLINICAL lower concentrations of drugs to be used for the same effect, prolong circulation times, improve drug internalization, and decrease unwanted toxic side-effects.
The benefits of nanoparticles are a large surface-to-mass ratio and the ability to bind to a number of substances, provide sustained release of drugs, and improve drug circulation and concentration. Stearoyl gemcitabine nanoparticles have been found to enhance the effect of gemcitabine on pancreatic cancer cells in vitro, and suppress tumor growth more effectively than normal gemcitabine in a mouse model [18] . Nanoparticles can also be targeted to specific locations through the addition of monoclonal antibodies or use of magnetic guidance. Recently, carbon nanotubes have emerged as an exciting potential modality for drug delivery and imaging. They are able to absorb a large amount of drug, which can be slowly released, and their stable structure can be modified for improved targeting of therapies. Carbon nanotube-delivered cisplatin modified to target EGFR-expressing cells was found to selectively kill head and neck squamous carcinoma cells (HNSCCs) [19] .
Improved targeting in pancreatic cancer therapy
To improve the targeting of new therapeutic agents to pancreatic tumor cells, the unique expression profile of pancreatic cancer cells can be exploited to differentiate normal, healthy cells from cancer cells. Liposomes, nanoparticles, and carbon nanotubes can be modified with monoclonal antibodies or ligands to allow the therapeutic agents to be directed towards specific cells, thus increasing the accumulation of drugs in the target organ and decreasing toxicity to normal cells. Potential targets that can be used include EGFR, urokinase plasminogen activator receptor (uPAR), transferrin receptor, HER-2, CA125, mesothelin, and MUC1. These potential delivery targets have been shown to be overexpressed in pancreatic cancer cells [5] . However, because of the heterogeneity of pancreatic cancer and the variable expression profiles among pancreatic cancer cells, further research is warranted to identify more effective targets for drug delivery.
Challenges and future work
Increasing evidence suggests that the tumor microenvironment may play a critical role in pancreatic cancer cell resistance and explain the disparity between preclinical and clinical study results. Dense desmoplastic stroma and poor perfusion of the tumor prevent drugs from properly penetrating pancreatic tumors. Inhibition of hedgehog signaling has been found to decrease stromal tissue and increase perfusion of the tumor, thus improving survival in a mouse model [7] . For novel therapeutics to be successful, it is likely that there will be a need for a greater understanding of the microenvironment and how it can be overcome for better drug delivery.
Recent advancements in the development of therapeutic agents and delivery modalities for improved targeting, efficacy, and clinical outcomes in pancreatic cancer are extremely promising. However, because the data are mostly preclinical and the clinical trials are few, more research is necessary to further refine these methods, confirm their safety, and improve delivery specificity. Even if targeted delivery is accomplished and the drug enters the cell, it is possible that there will be a response failure. Therefore, a greater understanding of pancreatic cell biology is also crucial since the presence of multiple mutations may make single-target treatments insufficient. Emerging targeted therapeutic approaches may be exciting, viable opportunities that will tangibly improve the management of this devastating disease.
Funding
The Authors received an honorarium from the Publisher.
